We present optical follow up observations of the long GRB 001007 ranging from 4 days to 335 days after the event. An unusually bright optical afterglow (OA) was seen to decline following a power law with index α = −2.17 ± 0.16, possibly indicating a break in the lightcurve at t < 3.5 days, as found in other bursts. Late epoch imaging revealed a B = 25.10 ± 0.25 extended object, presumably the host galaxy, whose spectral distibution is consistent with a rest frame star forming galaxy. The OA lies on the edge of this object.
Introduction
Gamma Ray Bursts (GRBs hereafter) are flashes of cosmic high energy (∼ 1 keV-10 GeV) photons (Fishman & Meegan 1995) occurring at cosmological distances. The GRB 001007 was detected on October 7.207488 UT 2000 (t 0 hereafter) by the Interplanetary Network (IPN), composed by the Ulysses, Konus-Wind and NEAR spacecrafts (Hurley et al. 2000) . It exhibited a duration of ∼ 375 s, a fluence (25-100 keV) of ∼ 3.3×10 −5 erg cm −2 and a peak Correspondence to: josemari@roa.es flux over 0.5 s of 7.1×10 −7 erg cm −2 s −1 , which places it amongst the brightest GRBs of all kinds.
An AO was found by Price, Axelrod & Schmidt (2000) and confirmed as the afterglow by further observations in optical (Castro-Tirado et al. 2000 , Price et al. 2000 and radio wavelengths (Frail & Berger 2000) . Section 2 describes the optical follow up imaging of the GRB 001007 IPN error box. In section 3 we show the characteristics of the OA and its potential host galaxy. The final conclusions are listed in section 4.
Observations
Target of Opportunity observations were carried out, starting at t 0 + 4 days, with the 0.82 m telescope of the Instituto de Astrofísica de Canarias (0.82IAC) at the Observatorio del Teide, Tenerife (Spain) and, with the 1.54 m Danish telescope (1.54D) at the European Sotuhern Observatory, La Silla (Chile). The CCD used at the 0.82IAC was a 1024 x 1024 Thomson mounted on the Cassegrain focus, giving a field of view of 7.3 ′ × 7.3 ′ field of view (FOV). The DFOSC CCD is a 2048 x 2048 MAT/EEV chip giving a 13.8 ′ × 13.8 ′ FOV. Further deep images were acquired in order to detect the underlying host galaxy with the European Southern Observatory 3.60 m telescope (3.60ESO), equipped with EFOSC2, giving a 5.5 ′ × 5.5 ′ FOV. Table 1 displays the observing log. We performed circular photometry using the PHOT routine under IRAF 1 . The field was calibrated observing the Landolt fields Rubin 149 and T Phe (Landolt 1992) at airmasses similar to that of the GRB field. Table 2 shows the position and magnitude of several secondary standards close to the OA position (see Fig. 1 ).
Fig. 1.
R band image of the GRB 001007 field taken at the 1.54D on 11.3192-11.3673 Oct 2000. The position of the OA is indicated between tick marks. The numbered stars represent secondary standards logged in Table 2 . North is upwards and East leftwards. 
Results and discussion

The lightcurve of the GRB 000107 OA
A bright OA was detected in the first 0.82IAC images at the preliminary position given by Price, Axelrod & Schmidt (2000) . An astrometric solution based on 50 USNO A2-0 reference stars in the 1.54D image taken on October 11.3192-11.3673 UT yields for the OA an improved position:
The optical magnitudes of the afterglow are displayed in the last column of Table 1 . Our B and R band lightcurves (Fig.  2) show that the source was declining in brightness. The optical decay slowed down in early Nov 2000, indicating the presence of an underlying source of constant brightness: the host galaxy. The decay of most GRB afterglows appears to be well characterised by a power law decay
is the flux of the afterglow at time (t − t 0 ) since the onset of the event at t 0 , and α is the decay constant. Assuming this parametric form and, by means of fitting least square linear regressions to the observed magnitudes as function of time, we derive the value of the flux decay constant for the GRB 001007. A power law decline with α R = −2.17 ± 0.16 (χ 2 /dof = 0.68) provides a good fit to the R band data, for a host galaxy with a predicted R = 24.68 (see Fig. 2 ). This value is also consistent with the B band observations, which can be fitted by a power law decline with α B = −2.6 ± 0.7 (the host magnitude has been fixed at B = 25.10 ± 0.25; see section 3.3). Assuming α = α R = −2.17 ± 0.16, the flux decay of the GRB 001007 is one of the steepest declines for all GRBs observed so far.
Many OAs exhibit a single power law decay index, generally with α ∼ −1.3, a reasonable value for the spherical expansion of a relativistic blast wave in a constant density interstellar medium (Mészáros & Rees 1997) . But for a few others, breaks occurring within 2 days of the burst have been seen and modelled as a signature of beaming. Moreover, rapid decays in OAs have been seen (Castro-Tirado et al. 2001 and references therein) and interpreted as the sideways expansion of a jet (Rhoads 1999 , Mészáros & Rees 1999 . For the GRB 001007, α = −2.17± 0.16 and, therefore, we argue that the observed steep decay in the optical lightcurve may be due to a break which occurred before the optical observations started, ∼ 3.5 days after the burst. The break is expected in several physical models, but beaming is the most likely cause in the GRB 001007, taking into account that the rapid fading of OAs is considered as evidence for beaming in GRBs (Huang, Dai & Lu 2000) .
According to the current view, the forward external shock wave would have produced the afterglow as observed at all wavelengths. The population of electrons is assumed to be a power law distribution of Lorentz factors Γ e following dN /dΓ e ∝ Γ −p e above a minimum Lorentz factor Γ e ≥ Γ m , corresponding to the synchrotron frequency ν m . The value of p can be determined by taking into account the occurrence of the jet effect: the break due to a lateral expansion in the decelerating jet occurs when the initial Lorentz factor Γ drops below θ −1 0 (θ 0 being the initial opening angle), i.e. the observer "sees" the edge of the jet. A change in the initial power law decay exponent α 0 (unknown to us) from α 0 = 3(1−p)/4 to α = −p (for ν m < ν < ν c ), or from α 0 = (2−3p)/4 to α = −p (for ν ≥ ν c ) is expected (Rhoads 1999) , with ν c being the cooling frequency. If this is the case, then p = −α = 2.17 ± 0.16, which is within the observed range for other GRBs (Castro-Tirado 2001).
It is not possible to determine whether the jet was expanding into a constant density medium or in an inhomogeneus medium (Chevalier & Li 1999 , Wei & Lu 2000 with our data alone, as we do not have information on α 0 . For a density gradient of s = 2, as expected for a previously ejected stellar wind (ρ ∝ r −s ), the lightcurve should steepen by ∆α = (α 1 − α 0 ) = (3−s)/(4−s) = 0.5, whereas ∆α = 0.75 for a constant density medium.
If the contribution of an underlying supernova were to be present in the lightcurve, then it is expected to peak at ∼ 15(1+z) days. The GRB 001007 is a good candidate for such a search thanks to its rapid decay, but the sparse R band coverage make this search elusive. Also, the cannon ball model (Dado, Dar & Rújula 2001) can not be tested for this GRB. 
The spectral shape of the OA
We have determined the flux distribution of the GRB 00107 OA on Oct 11.15 UT, 2000 by means of our BRV broad band photometric measurements obtained at the 0.82IAC. We fitted the observed flux distribution with a power law F ν ∝ ν β , where F ν is the flux at frequency ν, and β is the spectral index. The optical flux at the wavelengths of B, R and V bands has been derived subtracting the contribution of the host galaxy and assuming a reddening E(B − V ) = 0.042 from the DIRBE/IRAS dust maps (Schlegel, Fikbeiner & Davis 1988) . In converting the magnitude into flux, the effective wavelengths and normalisations given in Bessell (1979) and Bessell & Brett (1988) were used. The flux densities are 14.0, 17.1, and 19.8 µJy at the effective wavelengths of the B, R and V bands, not corrected for possible intrinsic absorption in the host galaxy. The fit to the optical data F ν ∝ ν β gives β = −0.7 ± 0.4 (χ 2 /dof = 0.1).
We expect a slope between ν m and ν c of β = (1−p)/2 = −0.59 ± 0.08, consistent with the observed value. As we have already mentioned, if the p ∼ 2.2 jet model is correct, by this time (Oct 11.15 UT), the cooling break should be already below the optical band with an optical synchrotron spectrum F ν ∝ ν −p/2 = ν −1.1 , which is in agreement with our optical data (β = -0.7 ± 0.4). Therefore our Oct 11.15 UT observations support a jet model with p = 2.17 ± 0.16.
The potential host galaxy
Inspection of the B band images taken in September 2001 with the 3.60ESO telescope showed the presence of a faint object located at α 2000 = 4 h 5 m 54.26 s , δ 2000 = −21 • 53 ′ 45.1 ′′ (internal error 0.5 ′′ ). These coordinates are fully consistent with the position of the OA reported in subsection 3.1 (see Fig. 3 ).
The host galaxy seems elongated ∼ 3 ′′ in the North East-South West direction (PA = +45 • ) and is only ∼ 4σ over the background level. Circular aperture photometry (aperture diameter ranging from 2.6 ′′ to 4.8 ′′ ) yielded B = 25.10 ± 0.25 for the object. Assuming R ∼ 24.68 for the host galaxy (based on the prediction of our fit), the derredened values imply a blued spectral distribution (F ν ∝ ν β , with β ∼ 0.25) as expected in the UV rest frame for a star forming galaxy.
The position of the OA falls just at the edge of the extended object, which is well seen in both the Nov 2000 R and Sep 2001 B band images.
Conclusions
We presented observations of the optical afterglow associated with the GRB 001007 and its potential host galaxy, starting 4 days after the event and continuing up to t 0 + 335 days. The lightcurve is well fitted for a shock model plus a galaxy. The steep decline F (t) ∝ (t − t 0 ) −2.17±0.16 is interpreted as evidence for the beaming effect, suggesting a break time at t − t 0 < 3.5 days, as seen in several GRBs. The potential host galaxy is an extended object whose spectral distribution is consistent with a rest frame star forming galaxy. The OA lies on the edge of this object. Deep observations by the Hubble Space Telescope are required to study the nature of the extended object and the precise location of the OA in it.
